encouraging producers to plant perennial vegetation on tion (0 or 67 kg ha Ϫ1 ) on soil properties were measured in 1995 and cropland to reduce grain surpluses are also used in Eu-
at a Conservation Reserve Program (CRP) site in North Dakota
rope (Olaf Christen, 2000, personal communication) . trom et al., 1994) .
1997, soil properties in hayed plots responded to cropping practices
Conversion of CRP land to crop production will resimilarly to those in established cropping systems in this region. In quire practices that manage the extensive vegetation non-hayed plots, management induced patterns had not developed residue that accumulated during the contract years by 1997. Haying, conservation tillage, and annual cropping are viable prepare a seedbed that will allow crop establishment approaches for converting land to annual crop production.
and production, and provide sufficient fertility to meet crop needs. Residue management can be accomplished through fire, tillage, or haying. Fire results in losses of T he united states food security act of 1985 estab-C and N and may leave the soil susceptible to wind and lished the Conservation Reserve Program (CRP) water erosion. Cultivation has been shown to increase as a management program for conserving soil and water greatly the susceptibility of many soils to wind and water erosion (Low, 1972 Plains to develop conservation tillage practices and an-
The field was enrolled in CRP and seeded with alfalfa nual cropping rotations that replace the traditional con-(Medicago sativa L.) and wheatgrass (Agropyron spp.) in 1989.
ventionally tilled crop-fallow system. These more inten-
The initial seeding did not establish well and the site was sive systems make more efficient use of available water reseeded in 1991. In the fall of 1994, a cropping practice by (Norwood, 1994; Peterson et al., 1996) , reduce wind et al., 1984; Campbell et al., 1989; Janzen, 1987 ; Wienhold across soils to control potential variation in results caused by and Halvorson, 1998), and maintain higher soil organic differences in slope and topographic position. Hayed and non-C levels (Biederbeck et al., 1984; Campbell et al., 1995;  hayed treatments served as the whole plot treatments; cropBlack and Tanaka increases soil-residue contact by incorporating surface 30 m, and split-split plots were 9 by 15 m. These plots were residue and creating a more oxidative environment of sufficient size to allow use of commercial field scale equip- (Doran, 1980) position area of each plot. These soil samples were collected prior to fertilizer application each year and represent condi-
MATERIALS AND METHODS
tions 1 to 2 wk prior to seeding. Soils were passed through a 4-mm sieve to remove root material, soil mass was recorded,
Study Site
and moisture content was determined. Soils were stored at The research site was located in Morton County, North Ϫ5ЊC until biological attributes were assessed. After assessDakota, (46Њ 46Ј N 100Њ 50Ј W, elevation 549 m above sea ment of biological attributes the remaining soil was passed level) approximately 20 km southwest of the city of Mandan.
through a 2-mm sieve, air-dried, ground, and used for chemiSoil at the site was an Amor loam (Fine-loamy, mixed, supercal analysis. active, frigid, Typic Haplustoll) with slopes of 9 to 15%. While Bulk density, water content, and water-filled pore space, soil properties and crop response are affected by topographic were the physical soil attributes measured. Bulk density was position and slope (Jenny, 1980 ) the objective of this study calculated by dividing the mass of soil, corrected for moisture was not to determine the effect of topography and slope on content, by the volume of soil collected (Blake and Hartge, soil properties and crop response. Hence, this study used 1986). Soil volume was determined by measuring the dimenblocking in the experimental design and soil sampling stratesions of the soil pit excavated in each plot. Water content was gies to control variation associated with topography and slope. determined gravimetrically (Lowery et al., 1996) . Water-filled Blocks were located across the slope of the study site such that pore space was calculated by means of the measured bulk each block was homogenous in terms of slope and topographic density and water content values and assuming a particle denfeatures. Within each block soil was collected from a similar sity of 2.65 g cm Ϫ3 (Arshad et al., 1996) . slope position area of each plot. This sampling strategy was Total organic C, total N, inorganic N, pH, and electrical used to minimize confounding of treatment effects with topographic effects on soil properties.
Annual precipitation has been highly variable and averages (Schepers et al., 1989) . Total organic C concentration was determined by correcting total C concentraSoil attributes were compared among treatments by a repeated measures split-split plot model in PROC MIXED of tions for carbonate content when soil pH was greater than 7.2. Inorganic N was measured in 0.01 M CaCl 2 (10 g of soil SAS (Littell et al., 1996) . Differences were declared significant at 0.05 probability level. Results are reported as treatment in 100 mL of solution) extracts colorimetrically with a Lachat flow-through ion analyzer (Zellweger Analytics, Lachat Inmeans and differences among means were determined by pairwise comparisons made with the DIFF option of the struments Div., Milwaukee, WI). Nitrate-N was determined by the Cd reduction method and NH ϩ 4 -N was determined by LSMEANS statement. Pearson correlation coefficients were calculated to test the correlation among physical, chemical, the Indophenol blue method (Mulvaney, 1996) . Distilled water was added (1:1 on a gravimetric basis) to 10 g of air-dried soil and biological attributes in this study. and pH determined with a glass electrode (McLean, 1982 ). The soil slurry was then filtered and EC determined with a
RESULTS AND DISCUSSION
conductivity meter (Rhoades, 1982) .
Biological soil quality attributes assessed included: N-min-
Physical Attributes
eralization; numbers of culturable fungi, bacteria, and actino-
In the 0-to 0.05-m depth, bulk density exhibited a mycetes; and microbial biomass C and N. Nitrogen mineralization rate was determined by a laboratory incubation method pretillage haying ϫ cropping practice interaction. In similar to that described by Stanford and Smith (1972) . Silica hayed treatments, bulk density was lower with CT than sand and 15 g of soil were added together in equal amounts with MT and NT while bulk density in hayed reference and thoroughly mixed. The mixture was transferred to a glass treatments was similar to that in the three annually leaching tube and glass wool was placed on the soil surface cropped treatments (Table 1 ). In non-hayed treatments, to prevent dispersion of the sample during leaching. The subbulk density was similar among the annual cropping strate was slightly compacted and leached with 100 mL of 0.01 treatments but was lower in NT than in reference treat- was similar across cropping treatments that had been agar, actinomycetes were grown out on starch-casein agar, hayed prior to tillage and was higher in the NT treatment and fungi were grown on Martin's Rose Bengal agar (Wollum, than in the other cropping treatments that had not been 1982). Plates were incubated at 27ЊC for 10 d and visible colhayed prior to tillage (Table 2 ). In 1997, water content onies counted. Microbial biomass N and C were determined using the CHCl 3 (Jenkinson and Powlson, 1976) in the appropriate des- and stored at Ϫ5ЊC until analyzed for C and N. Extracts were ¶ Haying by cropping practice interaction (P ϭ 0.006). Means within a row followed by a different letter are significantly different at P ϭ 0.05.
thawed and 0.5 mL (as five 0.1-mL increments allowing the was similar across cropping treatments that had been ble 2). In 1997, water-filled pore space was greater in the NT treatment than in the CT treatment and was hayed and was higher in reference plots than in annually cropped treatments that had not been hayed (Table 2) . similar among the reference, MT, and CT treatments that had been hayed. In the non-hayed treatment waterWater content in the 0.05-to 0.15-m depth exhibited a year ϫ pretillage haying ϫ cropping practice interaction.
filled pore space was greater in the MT treatment than in the other cropping practice treatments (Table 2 ). In 1995, water contents in the 0.05-to 0.15-m depth were similar across cropping treatments in both hayed Water-filled pore space is influenced by bulk density. Differences among treatments in water-filled pore space and non-hayed treatments (Table 2 ). In 1997, water content was similar across cropping practice treatments reflect treatment effects on bulk density. While waterfilled pore space was affected by pretillage haying and that had been hayed and was greater in the reference treatment than in the annually cropped treatments that tillage treatments, values were always within the range indicative of aerobic soils (Linn and Doran, 1984) . had not been hayed (Table 2) .
Surface residue acts as a boundary layer through While the management practices used in this study which heat and water must pass during exchange beinfluenced the soil physical properties measured, none tween the soil and the atmosphere. Doran (1980) reof the changes would suggest a degradation in soil physiported that as tillage intensity decreased, soil temperacal condition. These results support those of an earlier tures were lower and soil was more moist. After 2 yr study where we compared surface infiltration rates among of cropping or haying, water content in both soil depths the treatments at this site (Wienhold and Tanaka, was higher in the non-hayed reference treatment than 2000). While tillage and haying effects on infiltration in the hayed reference treatment and hayed and nonrates were detected after initial treatment in 1995, we hayed annually cropped treatments. The large amount found no change between 1995 and 1997 in the cropped of residue in the non-hayed reference treatment likely plots and concluded that none of the management practrapped more snow during the winter and reduced evaptices used in this study had a detrimental influence on oration when compared with the other treatments.
soil physical properties which affect infiltration (WienWater-filled pore space exhibited a year ϫ pretillage hold and Tanaka, 2000). haying ϫ cropping practice interaction in both depths (Table 2 ). In the 0-to 0.05-m depth in 1995, water-filled
Chemical Attributes
pore space was lower in the CT treatment than in the In the 0-to 0.05-m depth, both NH ϩ 4 -N and NO Ϫ 3 -N other cropping practice treatments that had been hayed content exhibited year ϫ pretillage haying ϫ cropping and was similar across cropping practices that had not practice interactions. In 1995, the NH ϩ 4 -N content was been hayed (Table 2 ). In 1997, water-filled pore space lower in the CT treatment than in the other cropping was lower in the CT treatment than in the other cropping practice treatments that were hayed and were similar practice treatments that had been hayed. In non-hayed across cropping practice treatments that were not hayed treatments water-filled pore space was similar across (Table 3 ). In 1997, the NH ϩ 4 -N content was greater in the annually cropped treatments and was greater in the the reference treatment than in the other cropping pracreference treatment than in the NT treatment (Table tice treatments that were hayed and was lower in the CT 2). In the 0.05-to 0.15-m depth water-filled pore space treatment than in the other cropping practice treatments in 1995 was greater in the NT treatment than in the that were not hayed (Table 3 ). In 1995, the NO Ϫ 3 -N CT treatment and was similar across the MT, NT, and content was similar among all cropping practices in both reference treatments that had been hayed. In the nonhayed and non-hayed treatments (Table 3 ). In 1997, hayed treatment water-filled pore space was greater in the MT treatment than in other cropping practices (Ta-NO Ϫ 3 -N content was lower in the hayed CT treatment 4.37b † CT annual cropping conventional tillage, MT annual cropping minimum tillage, NT annual cropping no-tillage, reference maintained in perennial vegetation. ‡ Year by haying by cropping practice interaction (P ϭ 0.02). Means within a row followed by a different letter are significantly different at P ϭ 0.05. § Year by haying by cropping practice interaction (P ϭ 0.05. Means within a row followed by a different letter are significantly different at P ϭ 0.05. ¶ Year by haying by cropping practice interaction (P ϭ 0.02). Means within a row followed by a different letter are significantly different at P ϭ 0.05. ¥ Year (P ϭ 0.0001), cropping practice (P ϭ 0.0006). Means within a row followed by a different letter are significantly different at P ϭ 0.05. than in the other cropping practice treatments that were cropped for more than 16 years (Wienhold and Halvorson, 1998) . The low inorganic N levels present in the hayed and was similar among cropping practice treatments in the non-hayed treatment (Table 3) . cropped plots, lack of an N treatment effect on any of the chemical properties measured, and a lack of a N In the 0.05-to 0.15-m depth, NH ϩ 4 -N content exhibited a year ϫ pretillage haying ϫ cropping practice interacfertilizer response by the crops (unpublished data) suggests that much of the added N was being immobilized tion. In 1995, NH ϩ 4 -N content was similar across cropping practice treatments in the hayed treatment and in by soil microbes decomposing the high C:N residue present when the site conversion was initiated (Stevenson, the non-hayed treatment increased in the order reference Ͻ CT and MT Ͻ NT (Table 3 ). In the 0.05-to 1986). Wienhold and Halvorson (1998) also observed that as tillage intensity declined inorganic N levels in-0.15-m depth, NO Ϫ 3 -N content exhibited year and cropping practice effects. Nitrate-N content increased from creased, a pattern emerging in the hayed plots of this study (Table 3) . As the residue in the non-hayed plots 1995 to 1997 and across cropping practices increased in the order reference Ͻ CT Ͻ MT and NT (Table 3) .
decomposes we expect a similar pattern to emerge in these plots as well. Soil chemical properties were altered by the management practices used in this study. Conversion from peOrganic C content declined from 11.8 Mg ha Ϫ1 in 1995 to 10.5 Mg ha Ϫ1 in 1997 (P ϭ 0.001) and total N declined rennial vegetation to annual crops and tillage altered the form and amount of inorganic N present. Under from 1.02 Mg ha Ϫ1 in 1995 to 0.96 Mg ha Ϫ1 in 1997 (P ϭ 0.02) in the 0-to 0.05-m depth. In addition, organic C aerobic conditions, NO Ϫ 3 -N, as observed in both soil depths, should be the dominant form of soil inorganic and total N content exhibited a pretillage haying ϫ cropping practice interaction in the 0-to 0.05-m depth N. Under perennial grass it is not unusual to find NH ϩ 4 -N amounts higher than in cropped soils (Prasad (Table 4) . Organic C and total N content was lower in the hayed CT treatment than the other hayed treatments and Power, 1997) . This is consistent with the observed decrease in NH ϩ 4 -N content in cropped plots from 1995 and was similar across cropping practices in the nonhayed treatment (Table 4 ). In the 0.05-to 0.15-m depth (year of conversion) to 1997 (after 2 yr of cropping). The strong positive correlation between water content organic C and total N content exhibited a pretillage haying ϫ cropping practice interaction. Organic C and and NH (Table 4 ). Organic C conexist within the profile as water content increases. The increase in NO the 0-to 0.15-m depth organic C and total N content exhibited a pretillage haying ϫ cropping practice interThe inorganic N contents in reference plots were similar to those observed in cropped plots in 1995 and action (Table 4) . Organic C and total N content was lower in the CT cropping practice than in the other changed little from 1995 to 1997 suggesting that N transformations in soil with perennial vegetation were near three cropping practices of the hayed treatments and was lower in the NT cropping practice than the other a steady state condition. While the inorganic N levels measured in cropped soils in this study increased from three cropping practices of the non-hayed treatment (Table 4) . 1995 to 1997, they are lower than those observed in soil from a nearby annual cropping system that had been
Conversion from perennial grass-legume vegetation 3.05ab † CT annual cropping conventional tillage, MT annual cropping minimum tillage, NT annual cropping no-tillage, reference maintained in perennial vegetation. ‡ Haying by cropping practice interaction (P ϭ 0.02). Means within a row followed by a different letter are significantly different at P ϭ 0.05. § Haying by cropping practice interaction (P ϭ 0.03). Means within a row followed by a different letter are significantly different at P ϭ 0.05. ¶ Haying by cropping practice interaction (P ϭ 0.0003). Means within a row followed by a different letter are significantly different at P ϭ 0.05. ¥ Haying by cropping practice interaction (P ϭ 0.0005). Means within a row followed by a different letter are significantly different at P ϭ 0.05. † † Haying by cropping practice interaction (P ϭ 0.02). Means within a row followed by a different letter are significantly different at P ϭ 0.05. ‡ ‡ Haying by cropping practice interaction (P ϭ 0.009). Means within a row followed by a different letter are significantly different at P ϭ 0.05.
to an annual cropping system resulted in the loss of 1.25 exhibited a year ϫ cropping practice interaction (P ϭ 0.001). Soil pH decreased from 6.57 in 1995 to 6.09 in Mg ha Ϫ1 of C from the 0-to 0.05-m depth of these soils after two growing seasons. Biomass inputs under annual 1997 in annually cropped plots but did not change in reference plots where the pH averaged across years was cropping were not sufficient to maintain C under any of the management strategies used in this study when 6.61. Soil pH in the 0.05-to 0.15-m depth of cropped soils also decreased from 6.19 in 1995 to 5.97 in 1997 compared to maintaining the perennial vegetation. Organic C and total N contents were highly correlated in (P ϭ 0.001). While the changes in soil pH were of statistical significance they were not of agronomic significance both soil depths (R ϭ 0.98 in the 0-to 0.05-m depth and R ϭ 0.99 in the 0.05-to 0.15-m depth) and reas all pH values were within the range suitable for nutrient availability and plant growth (Prasad and Power, sponded similarly to pretillage haying and tillage (Table 4). Pretillage haying removed 4500 kg ha Ϫ1 of 1997). The EC in the 0-to 0.05-m depth was similar aboveground biomass and also likely initiated senes-(0.51 dS m Ϫ1 ) across treatments while in the 0.05-to cence and decomposition of below ground biomass. In 0.15-m depth the EC increased from 0.29 dS m Ϫ1 in 1995 non-hayed plots the vegetation would have remained to 0.37 dS m Ϫ1 in 1997 (P ϭ 0.02). Observed EC values physiologically active until tillage or herbicide applicawere well below those indicative of saline conditions tion occurred and larger amounts of biomass remained and are within the range for favorable plant growth on these plots when cropping was initiated. Tillage in- (Maas, 1986) . corporates surface residue making it more available to soil microorganisms by increasing soil-residue contact,
Biological Attributes
mixes the soil reducing the degree of stratification in
The number of culturable fungi was similar across organic matter that may have been present, and creates treatments in both the 0-to 0.05-m (32.5 ϫ 10 9 m Ϫ2 ) a more oxidative environment (Doran, 1980) . The preand 0.05-to 0.15-m (49.2 ϫ 10 9 m
Ϫ2
) depths. The numtillage haying by tillage interaction exhibited by organic ber of culturable bacteria in the 0-to 0.5-m depth dif-C and total N are likely the result of an interaction fered among the cropping practice treatments (P ϭ between the physiological activity and amount of bio-0.0002). The number of culturable bacteria were higher mass present on the plots and the degree of incorporain the reference treatments (14.2 ϫ 10 12 m
) than in tion and redistribution of this biomass within the soil the annually cropped treatments where the number of during tillage. In a nearby cropping system study, Wienculturable bacteria increased as tillage intensity dehold and Halvorson (1998) observed increasing total N creased (6.7 ϫ 10 12 m Ϫ2 under CT, 9.8 ϫ 10 12 m Ϫ2 under and organic C contents as tillage intensity decreased.
MT, and 9.9 ϫ 10 12 m Ϫ2 under NT). In the 0.05-to 0.15-m In this study, treatments that were hayed prior to tillage depth the number of culturable bacteria increased from also exhibited increasing total N and organic C content 10.3 ϫ 10 12 m Ϫ2 in 1995 to 17.5 ϫ 10 12 m Ϫ2 in 1997 as tillage intensity decreased (Table 4) . Others have (P ϭ 0.0004). In the 0-to 0.05-m depth, the number of reported a similar trend between soil organic C and culturable actinomycetes were similar across treatments tillage intensity suggesting that this may be a general (8.1 ϫ 10 12 m
). The number of culturable actinomytrend for soils in the northern Great Plains (Campbell cetes in the 0.05-to 0.15-m depth increased from 10.9 ϫ et al., 1995). A similar pattern will likely emerge in the 10 12 m Ϫ2 in 1995 to 13.9 ϫ 10 12 m Ϫ2 in 1997 (P ϭ 0.01). non-hayed plots of the current study as residue decom-
The number of culturable actinomycetes were greater position proceeds.
Soil pH in the 0-to 0.05-m depth of cropped soils in the non-hayed treatments than in hayed treatments Soil microbial biomass C in the 0-to 0.05-m depth 1997 220a 274a 222a 348a
declined from 1995 to 1997 as did soil organic C. Soil † CT annual cropping with conventional tillage, MT annual cropping with microbial biomass C and soil organic C both exhibited minimum tillage, NT annual cropping with no-tillage, reference maintained in perennial vegetation.
pretillage haying ϫ tillage interactions (Tables 3 and 5 ) than organic C decreased 10%. Soil microorganism numbers in the other cropping practices (13.4 ϫ 10 12 m Ϫ2 in the and biomass will continue to change as residue decomreference treatment, 11.1 ϫ 10 12 m Ϫ2 under CT, and position proceeds with new patterns emerging that are 10.1 ϫ 10 12 m Ϫ2 under NT, P ϭ 0.03). In the 0-to 0.05-m dependent on crop residue quantity and quality with depth, actinomycete and bacteria responded similarly availability of these residues differing with tillage intento tillage intensity in 1995, increasing as tillage intensity sity (Biederbeck et al., 1984; Janzen, 1987; Campbell et decreased. In 1997 , numbers of actinomycetes were simal., 1989 . ilar across tillage treatments and the difference in numPotentially mineralizable N in the 0-to 0.05-m depth bers of bacteria across tillage treatments had lessened.
of cropped soils exhibited a year ϫ pretillage haying ϫ The relationship between microorganism numbers and cropping practice interaction (Table 6 ). In 1995, potencropping practices emerging in this study are similar to tially mineralizable N in hayed plots was similar across those observed in a nearby cropping system study where cropping practices while in non-hayed plots potentially actinomycete and bacteria numbers were similar across mineralizable N was greater under CT than under the tillage treatments (Wienhold and Halvorson, 1998) .
other cropping practices (Table 6 ). In 1997, potentially Microbial biomass C in the 0-to 0.05-m depth was mineralizable N in the hayed reference treatments was similar across treatments (226 kg ha
Ϫ1
). In the 0.05-to similar to that in hayed annually cropped treatments 0.15-m depth microbial biomass C exhibited a year ϫ while within the hayed annually cropped treatments pretillage haying ϫ cropping practice interaction (Table  potentially mineralizable N increased as tillage intensity 5). In 1995, microbial biomass C was similar across cropdecreased (Table 6 ). In 1997, potentially mineralizable ping practices that had been hayed while in non-hayed N was similar across cropping practices in non-hayed treatments microbial biomass C was greater under CT treatments (Table 6) . Potentially mineralizable N in the than under the other cropping practice treatments (Ta-0.05-to 0.15-m depth was similar across treatments (135 ble 5). In 1997, microbial biomass C was similar across kg ha Ϫ1 ). cropping practices in both hayed and non-hayed treat-
The mineralization rate constant (k) in the 0-to ments (Table 5) . Microbial biomass N in the 0-to 0.05-m 0.05-m depth exhibited a year ϫ pretillage haying ϫ depth was similar across treatments (21.7 kg ha Ϫ1 ). In cropping practice interaction (Table 6 ). In 1995, k was the 0.05-to 0.15-m depth microbial biomass N exhibited a year ϫ pretillage haying interaction (P ϭ 0.04). In similar across cropping practices in the hayed treatment, 124a  91a  97a  1997  69a  110ab  156b  127ab  Non-hayed  1995  279a  68b  99b  95b  1997  76a  131a  124a was greater under MT than under CT or NT in non- (Lindstrom et al., 1994) . Our results suggest that once the accumulated residue has decomposed many of the hayed treatments, and was similar in the reference treatment to that in annually cropped treatments in the nonsoil attributes will respond to cropping practices in a predictable way. After two growing seasons soil properhayed treatments (Table 6 ). In 1997, k was similar across cropping practices in hayed and non-hayed treatments.
ties in plots hayed prior to initial tillage responded to tillage in a similar way as those observed in a nearby In the 0.05-to 0.15-m depth k exhibited a year ϫ cropping practice interaction (P ϭ 0.04). In 1995, k was cropping system study Halvorson, 1998, 1999) and as those reported by others in the northern similar across annually cropped treatments (0.158 wk Ϫ1 under CT, 0.166 wk Ϫ1 under MT, and 0.213 wk Ϫ1 under Great Plains (Biederbeck et al., 1984; Janzen, 1987; Campbell et al., 1989 Campbell et al., , 1995 . In non-hayed plots, where larger NT) while k was lower in the reference treatment (0.120 wk Ϫ1 ) than in the NT treatment. In 1997, k was similar amounts of residue were present when cropping was initiated, similar patterns have not emerged. The rapid across cropping practices (0.134 wk Ϫ1 under CT, 0.117 wk Ϫ1 under MT, 0.111 wk Ϫ1 under NT, and 0.142 wk Ϫ1 establishment of predictable relationships between soil properties and implemented tillage and fertilizer in reference treatments).
In 1997, potentially mineralizable N increased as tillmanagement practices is desirable since it is only after the establishment of these relationships that accurate age intensity decreased in the pretillage hayed treatment of the present study, a pattern similar to that observed management decisions can be made. In this study we found that haying and use of conservation tillage faciliin a nearby cropping system study (Wienhold and Halvorson, 1999 ). In addition, potentially mineralizable N tated the rapid establishment of well known relationships between soil properties and management practices in the 0.05-to 0.15-m depth increased 20% from 1995 to 1997 likely due to a lowering of the C:N ratio resulting while maintaining surface residues that are effective in conserving soil and water resources. Such an approach from residue decomposition. Annual cropping combined with conservation tillage has been shown to inwill allow producers to utilize annual cropping, fertilization, and conservation tillage practices that have been crease potentially mineralizable N when compared to crop-fallow with conventional tillage (Carter and Rendeveloped for this region. nie, 1982; Wienhold and Halvorson, 1999) .
Soil biological activity is largely controlled by physical
